Background: Conserving water for human survival and providing future security are important issues that need to be addressed. Methods: In this study, a zeolite modified with hexadecyl trimethyl ammonium bromide (HDTMA-Br), a cationic surfactant, and its application in removing direct blue 129 (DB129) was examined. Fourier transform infrared spectroscopy (FT-IR) and scanning electron microscopy (SEM) were used to characterize both modified and unmodified zeolites. The effects of operational parameters such as the amount of adsorbent, initial dye concentration and pH on the removal efficiency of the dye were examined.
Introduction
Simultaneous with the growth of human populations, communities, science and technology, new horizons are being reached in our world. But this growth is associated with high costs. Disturbed and disordered environment associated with severe pollution are among the consequences of this rapid growth. In addition to other requirements, the level of water consumption has been rising day by day, especially with the use of treated water in agricultural (70%), industrial (80%) and domestic (22%) sections, leading to the production of large amounts of wastewater containing innumerable contaminants (1) . Color compounds enter the environment from wastewater of various industries such as textile, food, medicine, etc (2) . Dyeing units of textile industry are one of the most important environmental contaminants due to the use of thousands of dyeing chemicals. A significant amount of water is used in this industry and as a result, a large amount of colored wastewater is produced (3) . The main characteristics of the wastewater of these industries are high chemical oxygen demand (COD) and existence of various colors. The BOD/COD ratio in the wastewater of these industries is about 0.25, indicates that most compounds in the wastewater of these units are not biodegradable and may also be toxic to living organisms (4) . Furthermore, the stability of the molecular structure leads to their resistance against chemical or biological decomposition. Therefore, these compounds, as a vital threat, must be eliminated from wastewater before discharge. In recent years, industries have been under pressure of public opinion and related authorities to treat their wastewater before discharge into the natural environment in an appropriate way. Hence, finding effective treatment methods is necessary and inevitable (5) . Adsorption, sedimentation, chemical degradation, optical degradation, filtration, reverse osmosis, coagulation, and chemical oxidation are the most notable techniques used for the elimination of these contaminants (6) . It has been recently shown that the adsorption process is an efficient method for removing contaminants from wastewater and the activated carbon is the most frequently used adsorbent. However, the main problem of using this adsorbent is the high cost of its production and the revival of activated carbon. Thus, many studies have been conducted to find cost-effective and more efficient adsorbents to reduce the cost of adsorption in removing the color (7) . Clay has been proved to be a low-cost absorbent used in the removal of color from wastewater. Among studied clays, zeolites are recognized as the efficient adsorbents (8) . Considering good ion exchange and adsorption capacity as well as high mechanical and thermal stability of natural and synthetic zeolites, they are considered as good alternatives as adsorbent (6) . The structure of zeolites is mainly composed of aluminasilicate. Each mole of aluminum is a cation exchange capacity for zeolite structure, so negative ions cannot be exchanged by zeolites (9) . Modifying zeolites by a particular surfactant can create a positive charge network in these absorbents to remove anions from aqueous solutions. Cationic surfactants have high affinity for anionic exchange, and can form a highly stable organic coating on the outer surface of the zeolite. This feature of cationic surfactant is used to modify the exterior part of natural zeolites that usually have long-chain alkyl with a quaternary ammonium group like hexadecyl trimethyl ammonium bromide (HDTMA-Br) at the end of their chain (10). In the adsorption process, several effective parameters namely concentration of adsorbent, favorable adsorption time, temperature, pH and initial dye concentration of the solution are of great importance. Thermodynamic factors such as enthalpy, entropy, Gibbs free energy and types of adsorption isotherms like Langmuir and Freundlich are examined in the adsorption process (8) . Adsorption is a mass transfer process in which various combinations are in competition to achieve equilibrium (9) . In the studies on the adsorption of pollutants on different adsorbents, determining the adsorption isotherm and adsorption capacity are the most important features that should be considered (10). Several isotherm models such as Langmuir and Freundlich can be used for the analysis of experimental data and describing the equilibrium in the adsorbent. These models are used to provide some perspective on the mechanism of adsorption, surface properties, adsorption affinity and to describe the experimental data on adsorption (8) . In Langmuir isotherm, it is basically assumed that adsorption occurs in specific homogeneous sites within the adsorbent (11) . Adsorbent surface is quite uniform and there are points on the adsorbent surface that have adsorption capacity. Each of these sites is able to adsorb a molecule and there is no interaction between the adsorbed molecules. Therefore, the adsorbed layers have the thickness of a molecule (6) . The saturated monolayer isotherm can be represented as: 4 adsorbent. These models are used to provide some perspective on adsorption, surface properties, adsorption affinity and to describe the adsorption (8) . In Langmuir isotherm, it is basically assumed that specific homogeneous sites within the adsorbent (11) . Adsorbent surface there are points on the adsorbent surface that have adsorption capacity. able to adsorb a molecule and there is no interaction between the Therefore, the adsorbed layers have the thickness of a molecule (6) . The isotherm can be represented as:
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) and t, the contact time (min) (14) . Artificial neural networks (ANNs) are now commonly used in many areas of chemistry and they represent a set of methods that may be useful in solving such problems (15) (16) (17) . One of the characteristics of modeling based on the ANNs is that it does not require the mathematical description of the phenomena involved in the process, and therefore, it might prove usefulness in simulating and upscaling complex adsorption systems. As the main aim of this study, the removal of anionic dye, direct blue 129 (DB129), from aqueous environment by the modified zeolite and its effective parameters were investigated. Due to the fact that a variety of reactions and interactions occur during the adsorption process, and also for the lack of knowledge about the reactions and complexity of the process, using black box methods such as ANNs would be helpful for modeling. Thus, modeling of the process was carried out using ANN in this research. Another aim of this study was to obtain an ANN model capable of making reliable prediction of the efficiency of the adsorption process.
Materials and Methods
Direct Blue 129 (DB129), a commercial dye (Boyakhsaz Co., Iran), was selected as the model compound and used without further purification. Molecular structure, molar mass and the maximum absorbance wavelength of the purchased DB129 were C 30 H 19 N 5 Na 2 O 7 S 2 , 671.61 g/ mol and 591 nm, respectively. The chemical structure of the dye is presented in Figure 1a . The surfactant used in this study was hexadecyl trimethyl ammonium bromide (HDTMA-Br) and purchased from Merck (Germany). The chemical structure of the surfactant is shown in Figure 1b . Zeolite was purchased from Afrazand Co, Tehran, Iran. Hydrochloric acid and sodium hydroxide were used for pH adjustment and purchased from Merck (Germany). A WTW-720 pH-meter (the Netherlands) was used to measure the solution pH. The samples were stirred using a magnetic stirrer (IKA RHB2, Germany) and the suspensions were centrifuged (CE.148 Shimifan, Iran) for subsequent analysis of the dye concentration. The removal of the dye was followed by SPECORD 250 UV-Vis spectrophotometer (Analytik Jena, Germany). Absorbance was measured at a wavelength of 591 nm. The SEM images were recorded by MIRA3 TESCAN (Brno, Czech) instrument after gold-plating of the samples. FT-IR spectroscopy was performed using a bench-top spectrometer (Bruker Tensor 27, Germany). The X-ray diffraction (XRD) measurements were performed using Siemens X-ray D5000 diffractometer and copper K-alpha (Cu Kα) radiation at room temperature. The accelerating voltage and emission current were 40 kV and of 30 mA, respectively. In order to remove impurities, the zeolite was washed several times with distilled water. In order to dry the zeolite particles, they were placed in an oven at 105°C for 12 hours. For surface modification of natural zeolite, hexadecyl trimethyl ammonium bromide (HDTMA-Br) was used. So, 10 g of zeolite was mixed with a solution of 2% surfactant-zeolite and placed on a magnetic stirrer with speed of 300 rpm for 24 hours. After mixing, zeolites were washed with distilled water, passed through the appropriate filter and dried at 105°C for 12 hours (18) . The experiments were performed according to Zarei et al (19) . 400 mL graduated cylinder containing 100 mL dye solution was utilized, in which the adsorbent was added. As in the present study, the samples were taken every 5 minutes, and it had time delay to deposit the adsorbent particles, therefore, the graduated cylinder was utilized for its height. Then, the sampling of dye solution was easier and free from any adsorbent particles. The system was put on a magnetic stirrer at a fixed stirring speed of 300 rpm. All the samples were centrifuged to deposit the trifle adsorbent. The speed of centrifuge was fixed on 5000 rpm for 5 minutes. The desired pH was adjusted using 0.1 mol/L HCl and 0.1 mol/L NaOH by a pH meter. The most important variables affecting the adsorption are pH of the solution, adsorbent dosage, reaction time, initial dye concentration and temperature. In this study, the effects of these variables on the performance of the prepared adsorbent for the removal of DB129 were investigated. As the concentration of dye in textile wastewaters is 10-100 mg/L, therefore, the removal experiments were performed at different initial dye concentrations (10-100 mg/L), pH values (2-10), adsorbent weights (0.2-1.2 g) and temperatures (20-70°C). The amount of adsorbed dye (q) by the modified zeolite and dye removal efficiency (DR%) were calculated using Equations 8 and 9, respectively (9). The amount of adsorbed dye (q) by the modified zeolite a were calculated using Equations 8 and 9, respectively (9) .
where q is adsorption capacity in mg/g, C0 and Cf are the i were calculated using Equations 8 and 9, respectively (9).
where q is adsorption capacity in mg/g, C0 and Cf are the initial dye concentrations and posttreatment concentration for a certain period of time (mg/L), respectively, V is the volume of each dye solution (ml) and m, the total amount of modified zeolite (g).
Physical properties of the natural zeolite are presented in Table 1 . To determine the morphological characteristics of the natural and modified zeolites, their SEM images were obtained. As shown in Figure 2a and b, the surface of modified zeolite is flatter and more uniform than the initial zeolite. The modified zeolite was analyzed by XRD to determine the structure with comparison to clinoptilolite reference. XRD analysis of zeolite indicated that the type of zeolite was clinoptilolite ( Figure 2c ). To analyze surface properties of both modified and unmodified zeolites, FT-IR spectra were used. FT-IR image shows that the most significant factor groups with the highest frequency of the absorption include hydroxyl (O-H) groups with peak of 3622.61 cm -1 , which form hydrogen bonds between water
where q is adsorption capacity in mg/g, C 0 and C f are the initial dye concentrations and post-treatment concentration for a certain period of time (mg/L), respectively, V is the volume of each dye solution (ml) and m, the total amount of modified zeolite (g). Physical properties of the natural zeolite are presented in Table 1 . To determine the morphological characteristics of the natural and modified zeolites, their SEM images were obtained. As shown in Figure 2a and b, the surface of modified zeolite is flatter and more uniform than the initial zeolite. The modified zeolite was analyzed by XRD to determine the structure with comparison to clinoptilolite reference. XRD analysis of zeolite indicated that the type of zeolite was clinoptilolite (Figure 2c ). To analyze surface properties of both modified and unmodified zeolites, FT-IR spectra were used. FT-IR image shows that the most significant factor groups with the highest frequency of the absorption include hydroxyl (O-H) groups with peak of 3622.61 cm -1 , which form hydrogen bonds between water molecules (Figure 2d (Figure 2a ). There is also a peak in the wave number of 1633.34 cm -1 related to the vibrations of the NH group bonds which could be due to the nitrogen atoms of surfactant molecules, demonstrating successful operation of the modification on zeolite (20) . To determine the charge of adsorbent surface, pH zpc (zero point of charge) test was used. Solid addition method (21) was used to determine the point of zero charge of the adsorbent. Figure 2 . SEM images of (a) natural zeolite and (b) modified zeolite, (c) X-ray diffractogram of the natural zeolite, FT-IR spectrum of (d) natural zeolite and (e) modified zeolite.
Erlenmeyer flasks containing dye solution (100 mg/L) and modified zeolite (0.3 g) were used to carry out the adsorption kinetic experiments. The magnetically stirring of the flasks was done at 300 rpm and constant temperature 20°C. The samples were taken at predetermined time intervals, centrifuged and analyzed to determine the residual dye concentrations. MATLAB 7 mathematical software equipped with ANN toolbox was used to carry out all ANN calculations. First, data were preprocessed before training the ANN.
The following steps were performed in preprocessing: eliminating correlated input variables, transformation, scaling and biasing. In this study, a three-layer network with a sigmoidal transfer function (trainscg) and back propagation algorithm was designed. The trainscg function does not require line search at each iteration step like other conjugate training functions.
Step size scaling mechanism which avoids a time consuming line search per learning iteration, was used in this study. This mechanism makes the algorithm faster than any other second order algorithms. The trainscg function requires more iteration to converge than the other conjugate gradient algorithms, but the number of computations in each iteration was significantly reduced because no linear search was performed (22) .
Results
Determination of the optimum surfactant-zeolite ratio (%) Modification of zeolite by the surfactant depends on the surfactant adsorption degree on the zeolite. In order to adsorb anions on the modified zeolite, the modified surface should have positively-charged exchange sites. These sites are formed when double layers of the surfactant were completely formed on the zeolite. It has been shown that to form a double layer surfactant, the HDTMA-Br ratio of adsorbent to external cation exchange capacity (ECEC) of zeolites should be 2:1 (18) . Figure 3 shows the dye removal efficiency of DB129 using different ratios (%) of surfactant-Zeolite. As shown in this figure, in the ratio of 2 to 4%, the adsorption potential was increased due to the formation of double layer surfactants on the surface of the zeolite. To save the expense, a 2% solution of surfactant-zeolite was used.
Effects of operational parameters on the removal efficiency of DB129 Effect of adsorbent dosage and reaction time The effect of the modified zeolite amount on the removal of DB129 was studied. Different amounts of adsorbent (0.2-1.2 g) were added to a volume of 100 mL of the dye solution with initial concentration of 50 mg/L at room temperature. After equilibration (90 minutes), the samples were centrifuged and the dye concentration in the solution was measured. Results are shown in Figure 4a . As shown in this figure, by increasing the adsorbent dosage from 0.2 to 1.2 g, dye removal efficiency was significantly increased. On the other hand, Figure 4a shows that the dye removal efficiency increased rapidly up to 0.3 g of the adsorbent and then its slope decreased. So, the adsorbent dosage of 0.3 g was used for the next experiments from an economic perspective. One of the most important variables in the adsorption process is reaction time. Adsorption capacity and removal efficiency of the dye by the adsorbent had a direct relationship with reaction time. According to Figure 4a , as time passed, the adsorption capacity increased and reached a constant value at a specified time, after which no dye molecule could be removed from the solution (23).
Effect of pH The solution pH also plays an effective role in the whole process and absorbing capacity. It affects the surface charge of the adsorbent and the degree of ionization and specification of the adsorbate (24) . Many researchers believe that pH is of great importance in electrostatic attraction between the adsorbent and dye (14) . For a closer look at the process of adsorption, the impact of pH on the removal efficiency of the dye was investigated. Figure 4b shows dye removal efficiency (DR%) of DB129 by the modified zeolite at different pH values as a function of time. The results indicate that the adsorption increased as the pH value was around acidic pHs. The adsorption mechanism can be easily evaluated by determining the point of zero charge on adsorbent surface (25, 26) . The pH >pH zpc helps increase the adsorption of cations while the pH <pH zpc helps enhance the adsorption of anions. The results show that the pH zpc for the adsorbent was 7 ( Figure  5 ). This means that the charge of adsorbent surface in pH= 7 was zero or neutral. The results also showed that there was no significant variation in the pH range of 4 to 8. On the other hand, the structure of the pollutant (DB129) can be affected by the acidic environment. So, pH 7 (neutral pH of the dye and adsorbent) was chosen as the optimum pH.
Effect of initial dye concentration and temperature The initial concentration of the dye is another important operational factor. Therefore, the removal of DB129 was investigated in the dye concentrations of 20-100 mg/L under optimum conditions of 0.3 g adsorbent and pH 7. According to Figure 6a , with increasing concentrations of the dye from 20 to 100 mg/L, dye removal efficiencies was reduced from about 100% to 79% in a reaction time of 90 minutes. For a closer look at the process of adsorption, the influence of temperature on the efficiency of adsorption was examined ( Figure 6b ). As shown in this figure, the percentage of dye removal was increased by increasing temperature.
Effect of stirrer's speed Solutions with an initial dye concentration of 50 mg/L and other optimum conditions were prepared and stirred at 300 rpm, 900 rpm, and 1200 rpm under the influence of the adsorbent. The results are shown in the Figure 7 . As can be seen in this figure, the stirrer speed had no significant impact on the adsorption rate.
Adsorption isotherms
In order to establish the most appropriate correlations for the equilibrium data in the design of adsorption system for adsorption of DB129 onto the modified zeolite, two common isotherm models were tested: Langmuir and Freundlich models. The applicability of the isotherm It can be noticed that the equilibrium adsorption obtained from the pseudo-second-order model was close to the experimental data, suggesting better application of the second-order kinetics. This confirms that the sorption data were well represented by the pseudo-second-order kinetics for the entire sorption period. For the diffusion model plots, a 2-phase process can be observed, showing that the adsorption process proceeded by surface sorption and intraparticle diffusion. The initial curved portion of the plot indicates a boundary-layer effect while the second linear portion is due to intraparticle or pore diffusion (14) .
Analyzing thermodynamic parameters of the adsorption process Thermodynamics is a study field covering energy changes associated with the physical and chemical changes. A great deal of useful information about some thermodynamic parameters such as enthalpy, entropy and Gibbs free energy can be achieved through temperature dependence of the adsorption process (27) . Considering the adsorption equilibrium constant k L in the Langmuir isotherm, thermodynamic parameters, i.e., free energy (ΔG°), enthalpy (ΔH°) and entropy (ΔS°) changes were also calculated via Equations 10-12 (28) . The results are presented in Table 3 . As shown in Table 3 , the Gibbs free energy change (G) was negativ enthalpy (H) and the adsorption entropy (S) changes were greater tha Neural network modeling As shown in Table 3 , the Gibbs free energy change (G) was negat enthalpy (H) and the adsorption entropy (S) changes were greater th Neural network modeling (11) ΔG°= −RTlnK L ΔH°= −R ( Table 3 , the Gibbs free energy change (G) was enthalpy (H) and the adsorption entropy (S) changes were gr As shown in Table 3 , the Gibbs free energy change (∆G) was negative, and the adsorption enthalpy (∆H) and the adsorption entropy (∆S) changes were greater than zero.
Neural network modeling ANNs are directly inspired from the biology of human brain, in which the interconnection among billions of neurons leading to processing a variety of complex information. Similarly, a computational neural network includes simple processing units called neurons. Generally, as shown in Figure 10a , a neural net is parallel interconnected structure consisting of: (1) input layer of neuron (independent variables), (2) a number of hidden layers and (3) output layer (dependent variables). The nature of the problems determines the number of input and output neurons. Hidden layers act as feature detectors and theoretically, there are probably more than a single hidden layer. However, based on the universal approximation theory, a network with a single hidden layer and a sufficiently large number of neurons can interpret any input-output structure (29) . To determine the topology of an ANN, the number of both its layers and nodes in each layer as well as the nature of transfer functions are key factors. In developing the model, optimization of ANN topology is probably the main determining step. In this study, a three-layer feed forward back propagation neural network (5:12:1) was used for modeling the adsorption process ( Figure  10a ). The input variables for the feed forward neural network were as follows: contact time (min), adsorbent dosage (g), initial pH, initial dye concentration (mg/L) and temperature ( o C). Dye removal efficiency (DR%) was chosen as the experimental response or output variable. In order to determine the optimum number of hidden nodes, a series of topologies, in which the number of nodes were varied from 2 to 20, was used. To prevent the risk of random correlation resulted from random initialization of the weights, each topology was repeated three times. The mean square error (MSE) was used as the error function. MSE measures the performance of network according to the following equation:
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To prevent the risk of random correlation resulted from random initialization of the weights, each topology was repeated three times. The mean square error (MSE) was used as the error function.
MSE measures the performance of network according to the following equation:
where Q is the number of data point, yi,pred, network prediction, yi,exp, experimental response and i, an index of data. The relation between network error and the number of neurons in the hidden layer is illustrated in Figure 10b . As shown in this figure, the mean square error was minimum when the number of neurons equaled to 12. In this study, the tan-sigmoid transfer function was used as a transfer function in the hidden layer. This is the most widely used transfer function, which is given by:
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where Q is the number of data point, yi,pred, network prediction and i, an index of data. The relation between network error and hidden layer is illustrated in Figure 10b . As shown in this figu minimum when the number of neurons equaled to 12. In this function was used as a transfer function in the hidden layer.
transfer function, which is given by:
where f(x) represents hidden neuron output (30) . The training generating several data points, 173 experimental sets were us Table 4 ] + 0.1 (14) where f(x) represents hidden neuron output (30) . The training function was trainscg. After generating several data points, 173 experimental sets were used to feed the ANN structure. Table 4 summarizes the range of studied variables. The samples were divided into three subsets: training, validation and test, each contains 104, 34 and 35 samples, respectively. In order to evaluate the validation and modeling power of the model, the validation and test sets were randomly selected from the experimental data. Considering sigmoid transfer function used in the hidden layer, all samples should be scaled from 0.1 to 0.9. So any samples (X i ) (from the training, validation and test sets) were scaled to a new value (A i ) as follows:
where f(x) represents hidden neuron output (30) . The training function was trainscg. After generating several data points, 173 experimental sets were used to feed the ANN structure. (from the training, validation and test sets) were scaled to a new value (Ai) as follows:
where min(X i ) and max(X i ) are two extreme values of variable X i (31) . To calculate training, validation and test errors, an inverse range scaling was performed on all outputs to return the predicted responses to their original scale, and then a comparison between them and experimental responses was performed. The weights listed in Table 5 were provided by the ANN used in this study. The weights are coefficients between the artificial neurons, analogous to synapse strengths between the axons and dendrites in real biological neurons. Thus, the proportion of the incoming signal transmitted into the neuron's body will be decided by each weight (32) . Using neural network model, the calculated and experimental values of the output variable for test sets were compared, the results are shown in Figure 10c . The plot in this figure has correlation coefficient of 0.951 for test set. In order to assess the relative importance of the various input variables on the output variables, the neural net weight matrix can be used. The following equation was proposed based on the partitioning of connection weights (17): Table 6 . Apparent strong impacts on the dye removal efficiency. Therefore, it could we had neglected any of the variables studied in this work in the pr Discussion (16) where I j represents the relative importance of the jth input variable on the output variable, N i and N h are the numbers of input and hidden neurons, respectively, Ws are connection weights, the superscripts 'i' , 'h' and 'o' refer to input, hidden and output layers, respectively, and subscripts 'k' , 'm' and 'n' refer to input, hidden and output neurons, respectively. Equation 16 was used to calculate the relative importance of input variables on the value of dye removal efficiency, the results are shown in Table 6 . Apparently, all of the variables have strong impacts on the dye removal efficiency. Therefore, it could make a lot of problems if we had neglected any of the variables studied in this work in the present analysis.
Discussion
According to Figure 4a , by increasing the amount of the adsorbent dye removal efficiency was considerably increased, due to the greater surface area and more adsorption sites (18) . Since a certain volume of liquid was treated by each particle of adsorbent, increasing the amount of adsorbent accelerated the equilibrium between the adsorbent and adsorbed. It is also related to the effect of flow splitting (concentration gradient between the adsorbent and adsorbed). It means that in the higher concentration of the adsorbent, a very rapid adsorption occurs on the surface of the adsorbent, which reduces the concentration of solute in solution compared to the condition where lower concentration of adsorbent is used (33) . In general, anionic dyes due to the hydrophobic interactions can be absorbed on the zeolite surface. In addition, applying a modification process by cationic surfactant and placing its molecules on the zeolite surface can led to a number of positive sites (R-N + ) that can be added on the surface of the zeolite. Because of the electrostatic interaction, the adsorption capacity is increased (34) . Figure 4a also shows the time dependence of the dye adsorption onto modified zeolite. The adsorption capacity increased with reaction time and reached an equilibrium state within a specified time. Previous studies also have supported the present findings that a fixed quantity of adsorbent could only offer a finite number of surface binding sites, some of which would be saturated by competing dye molecules, especially at relatively high dye concentrations (35) . As shown in Figure 4b , the removal efficiency was increased in acidic pH conditions due to creating a positive surface charge (24) . The results of Figure 5 also confirm this finding and show that the pH zpc for the adsorbent was 7. At pH below 7, adsorbent charges were positive and at pH above 7, adsorbent charges were negative. As the dye used in this study was an anionic dye, the percentage of anionic dye removal from the solution increased at low pH values due to the electrostatic attraction between the positive surface charge of the adsorbent and anionic dye. A similar observation was reported for adsorption of solar red and brittle blue direct dyes onto Eucalyptus angophoroides bark (36) and crystal violet onto biopolymers composites (37) . According to Figure 6a , with increasing the dye concentrations, dye removal efficiencies was reduced. The reason for this behavior is that with increasing the dye concentration, repulsion is created between the dye molecules and they cannot be adsorbed by the adsorbent. The existence of sufficient available adsorption sites at low concentrations is the main reason for the high adsorption efficiency (10). This can be due to the fact that there are only limited parts on the adsorbent surface to adsorb the dye, and as the concentration of the dye is increasing, the chance of dye molecules for being adsorbed will be decreased (31) . It can be seen that the adsorption capacity of the dye increased with increasing the temperature ( Figure  6b ). Increasing temperature leads to an increase in the diffusion rate of adsorbed molecules through the boundary layer and the internal cavities of the adsorbent particles, so the percentage of dye removal is increased. Moreover, the change in temperature will be reflected in the change of the equilibrium capacity of adsorption (38) . The physical adsorption is an exothermic process, and the adsorption capacity of the adsorbate always decreases with increasing the temperature. It is apparent that the adsorption of DB129 molecules on the modified zeolite is an endothermic process implying a chemical adsorption process (39) . Other researchers have reported a similar observation for adsorption of heavy metal ions onto poly(amidoxime)/SiO 2 (38) and amidoxime-type adsorbents (40) . The experimental adsorption isotherms according to the initial and equilibrium dye concentration have been performed (Figures 8a, 8b and Table 2 ). The equilibrium data were best represented by the Langmuir isotherm model. The Langmuir adsorption isotherm describes the homogeneous surface assuming that all the adsorption surface sites have identical adsorbate affinity and that adsorption at one site does not affect an adjacent site. Furthermore, each adsorbate molecule was located on a single site and hence it can be considered as the monolayer formation of an adsorbate onto the adsorbent surface (41) . According to the assumption of the Langmuir isotherm model, the adsorption of DB129 onto modified zeolite occurred as a monolayer on the surface. A similar observation was reported for the adsorption of acid red 88 on Iranian golden Sesamum indicum hull (19) , Congo red on rice husk (42) and methylene blue on pineapple stem waste (43) . Considering kinetic data (Figures 9a-c) , the adsorption capacity values obtained from pseudo-second-order model were more consistent with regression coefficients (R 2 = 0.957). In general, the pseudo-second-order kinetic model assumes that the adsorption process occurs on localized sites with no interaction between adsorbates and the maximum adsorption corresponding to a saturated monolayer of adsorbates onto the adsorbent surface. Furthermore, the rate of desorption is negligible compared to the rate of adsorption (41) . The ΔH° = 41.181 kJ/mol (Table 3) Other studies were reported for adsorption of Congo red and Eriochrome blue black R on carbon composite lignin-based adsorbent (45) and heavy metal ions on poly (amidoxime)/SiO2 (39) support our findings. ANN model with 5, 12 and 1 neurons in input, hidden and output layer, respectively (Figure 10a, b) , was performed in the studied ranges of the variables (Table 4) . A learning rule was used to train the given data by adjustments of the correction weights through applying suitable algorithms, and the optimal weights was also determined ( Table 5 ). The relative importance of input variables on the value of dye removal efficiency was calculated and the results showed that all of the variables have strong impacts on the dye removal efficiency (Table 6 ). It was confirmed by the result that the dye removal efficiency in this system was reproduced by neural network model, within the experimental ranges adopted in the fitting model ( Figure  10c ).
Conclusion
Surface modification of natural zeolite by a cationic surfactant (hexadecyl trimethyl ammonium bromide, HDTMA-Br) and its application for the removal of direct blue 129 were investigated. Surface properties of both modified and unmodified zeolites were evaluated by infrared spectroscopy and scanning electron microscopy (SEM) images. At dye concentration of 50 mg/L, the optimum values for adsorbent and pH were 0.3 and 7 g, respectively. With increasing the amo u nt of adsorbent, due to the increased surface area of t he adsorbent and more access to adsorption sites, the amount of dye removal was increased. Examining the effect o f concentration showed that with increasing dye conce n tration, the adsorption volume by modified zeolite was reduced, since at increased dye concentration, repulsion occurred between anionic groups, preventing the adsorption of the dye by the adsorbent. By changing the pH value of the dye solution, no significant change w as observed in the removal efficiency. The results showed that the adsorption of DB129 on modified zeolites complie d with the Langmuir isotherm. Also, the kinetics of dye adsorption on modified zeolites complied with ps e udo-secondorder kinetic model and evaluating the thermodynamic parameters indicates that the process was spontaneous and the reaction was endothermic. Mod e ling of the process using ANNs showed that this neural network can accurately model the experimental results. Comparison of the experimental results with the results of ANN showed that the correlation coefficient was e qual to 0.951.
